In this study, the authors focused on light wind from the sea and its thermal environment relaxation effect during periods of calm conditions during the night when there is a concern that the urban heat island phenomenon is exacerbated. The light wind from the sea may be characteristic to urban waterfront areas where temperature increase persists throughout the day even during the night because of accumulated heat on the ground surface and artificial exhaust heat. The wind directions during periods of calm conditions at night were compared. The ratio of sea breeze to land wind near the ground level was greater than the ratio of the upper-level wind during calm conditions at night. The authors focused on the period when upper-level wind was calm. As the upper-level wind became calm, the wind direction changed from land breeze to sea breeze, and the temperature decreased as the direction of the wind changed. These observations indicated the temperature lowering effect of light wind from the sea. Previous studies of the wind system during the night generally discussed the land breeze. This study was unique in that the authors' focused on utilizing the cool light breeze from the sea at night.
Introduction
Securing "wind paths" and directing the sea breeze into built-up urban areas is an effective measure against the heat island effect on a citywide scale in large cities located next to the ocean, such as Tokyo. In recent years, waterfront areas in many large cities throughout Asia, including Tokyo, have undergone redevelopment accompanying large-scale land use conversion. To construct well-ventilated built-up urban areas utilizing the sea breeze, which is a valuable natural resource, and to respond to the demands of society for measures to combat the urban heat island effect, it is important to continuously accumulate the results of large numbers of related studies. There are increasing numbers of studies on the utilization of the sea breeze and cold air from river channels in the city. Related efforts include studies of the heat relaxation effects of land and sea breezes in different cities e.g., 1, 2) , studies of the properties of sea breezes and prevailing wind systems e.g., 3, 4) , studies of urban morphology, air ventilation and the thermal environment e.g., 5, 6) , studies of the factors and mechanisms involved in temperature development e.g., 7, 8, 9) , and studies of impact of the actual sea surface temperature on urban air temperature e.g., 10) , all of which have provided large amounts of useful information. The authors have also been studying the actual conditions associated with wind in the streets in waterfront areas as well as the effect of the form of urban built-up areas on the thermal environment e.g.,11) . On the other hand, the heat island phenomenon is known to be exacerbated by calm conditions, and it is necessary to study the related phenomena under no-wind conditions. Related studies include research on cold air drainage e.g., 12, 13) . In addition, a detailed actual survey of cold air leakage (cold air-seeping phenomena) from large-scale green spaces under calm wind conditions at night has recently been performed. In the above-mentioned study, the cold air-seeping phenomena of wind velocity from 0.1 to 0.3 m/s as well as a temperature decrease of approximately 1.0 K under a clear sky on a calm night have been observed 14) . The method used for observation involves placing an ultrasonic anemometer-thermometer on the boundary of the green space and direct measurement of the aerial current to understand the cold air-seeping phenomena. ������������������������������������������������������  ��������������������������������������������������  ���� ���� ������ ��������� ��� ���� ������������� �����  ������������� ����� ����������� ���� ����� ����������  ������������� ����� ����� ��� ��� ���������� �������  ���������� ����� ��� ���� ����������� ����� ��� ������  �������� ���� ��� ����� ������������ �������� ���� ��������  �����������������������������������������������������  ��� ����������� ����������������������� ���� ������� ���  �� ���������� �������� ��� ���� ���������� ������ ��� ���� �����  �����������������������������������������������������  ��� ����������� ������� ��� ������� �������� ������ ����������  �������������������������������������������������������  ������������������������������������������������������  ������������������������������������������������������  ��� ���������� ��� ���������� ��� ������� �� ��� ���������� ���  ���� ��� ���� ������ ���������� ��� ����� ��������� ���� ���  ��������������������� �  ��������������������������  �����������������������������������������������������  ������ ��� ����������� ������������������������  ��������������� ������������ ����������� ���� ���  ���������� ������������ ���������� ������ �� ������ ����  �������������������������������������������������������  ������ ���� ��������� ��� ���� �����������  ������������������������ ����� ������� ��� ���� ������  ������� ���� ���� ����������� ������������������������ ���  �����������������������������������������������������  ������������������������������������������������������  ��� ������ ������� ������� ���������� ������� ���  �����������������������������������������������������  ���� ����� ������� �������� ��� ��� ���������� ��� �����  ������������� ��� ����������� ���� ������������  ������������ ����������� ��������� �� ������ ������� ��� ���  ������������������������������������������������������  �������� ������������ ��� ����� ����������� ��� ������  �������������������������������������������������������   ��� ���������� ������ ��������� ����� ���������������  ������������ ���������� ���� ���������� ������������  ����������� ��������������������������������������������  ����������� ������������������������ ����� ������� ���  ��������� ����� ��� ��������� ������� ����� ��� ����������  �������������������������������������������������������  ����������������������������������������������������  �����������������������������������������������������  ������������ ��� ����� ������ ����� ����������� ���� 
Definitions of terms used
Here, the wind above the urban canopy layer is called the "upper-level wind," and this was determined from the observation results obtained from Site Q. "Calm conditions" are defined as an upper-level wind velocity of ≤ 1.0 m/s. "Daytime" is defined as 05:00 to 19:00, and "nighttime" is defined as 19:00 to 05:00. Taking the geography of the waterfront areas of Tokyo into consideration, the wind directions are defined as follows: North-West to North-North-East is called "North wind," North-East to East-South-East is called "East wind," South-East to South-South-West is called "South wind," and South-West to West-North-West is called "West wind." In this paper, East wind and South wind are considered "sea breeze" and North wind and West wind are considered wind from the land (Fig.3.) . Fig.4 . shows the ratio of wind velocity of the upper-level wind for each hour during the actual survey. Calm conditions were observed between 00:00-10:00 and 21:00-24:00. The period 05:00-07:00 probably corresponds to the time of "morning calm." Calm conditions during the night were observed at 21:00-24:00 and 00:00-04:00. In this study, the authors focused on these calm conditions during the night.
Selection of periods of calm conditions during the night

Wind direction and wind velocity near ground level under calm conditions at night
The periods with calm conditions during the night were selected as described in the previous section. To investigate the conditions of the wind near the ground level during such periods, data from Sites A and B, which are located relatively close to Site Q, were analyzed. Figs.5. and 6. show the ratio of wind velocity for each hour at Sites A and B, respectively.
During periods when the conditions were calm at night, wind with a velocity of 1.0-2.0 m/s was partly observed at Site A, but the majority of wind observed at both sites was slight with velocity in the range of 0.0-1.0 m/s.
The authors also examined the wind direction. Figs.7., 8. and 9. show the ratio of wind direction for each hour at Sites Q, A, and B, respectively, during the period of calm wind at night. 
Yukihiro Masuda
The ratio of sea breeze to land wind was 1:1 for upper-level wind (Site Q), while the ratios at Sites A and B were approximately 7:2, respectively. Our observations indicated that the ratio of sea breeze to land wind was higher at ground level when conditions are calm at night in comparison to the upper-level wind (Figs.7., 8. and 9. ). For example, even when the upper-level wind is from the land, a light wind from the sea may be seen close to ground level. This is partly because the temperature of an urban area does not decrease even at night due to the accumulated heat on the ground surface of the built-up areas as well as excess artificial exhaust heat, and the decreasing of radiational cooling by the blocking effect of dense high-rise buildings, while the surface of the sea is cool, causing a light wind to blow from the sea to the builtup areas.
For future urban planning taking natural resources into consideration, it is important to focus on the urban climate specific to urban waterfront areas where temperature increases persist even during the night. To date, the general understanding of the wind system at night was that there is a land breeze. This study was unique in that the authors focused on utilizing the cool light breeze from the sea during periods of calm conditions at night as a characteristic phenomenon of urban waterfront built-up areas with increasing temperature throughout the day due to accumulated heat on the ground surface as well as artificial exhaust heat, and the decreasing of radiational cooling.
The results of the present study indicated that the conditions close to the ground surface are affected by geography or features of the land, and are different from the prevailing wind system observed at general weather stations. Therefore, it is important to observe the conditions close to the ground surface, which are more similar to those experienced around living spaces within the city.
Examining the Thermal Environment Relaxation Effect of Tokyo Bay during Periods of Calm Conditions at Night 4.1 Selection of the dates for analysis
Based on the results described in the previous section, the authors continued to examine the thermal environment of the area during the period when slight wind is blowing in from the sea during periods of calm conditions at night. Data from Site P were used to select the dates for analysis. According to the data, the latter half of the actual survey included days with localized severe rain or were partly rainy, and low temperatures dropping below 25°C on many of these days. The authors decided to use August 13, 14 and 15 as days for the analysis as all 3 days were sunny with nighttime low temperatures above 27°C (sultry nights) and all 3 days were after August 9, 2008 when all observation equipment was in place. Among the three days, the lowest temperature during the night on the 15th was 27.6°C, making it the hottest sultry night. Fig.10 . shows the wind velocity and wind direction vector of the upper-level wind at Site Q on August 13, 14, and 15 at night from 00:00 to 09:00. The characteristics of the wind environment on each day were examined. On the 13th, the sea breeze persisted throughout the day. On the 14th, the sea breeze stopped around 03:00, showing conditions close to those during the day with a land and sea breeze cycle. On the 15th, light wind with a velocity of ≤3.0 m/s was seen throughout the day. These observations regarding the wind system corresponded to the results of our previous studies. During these three days, calm Yukihiro Masuda conditions with an upper-level wind velocity of ≤ 1.0 m/s were observed twice on the 14th from around 05:20 to 07:00 and on the 15th from around 00:50 to 01:40. The calm conditions observed on the 14th occurred after sunrise, during the period corresponding to "morning calm" and so it was decided to analyze the period from around 00:50 to 01:40 on the 15th as calm conditions at night.
Selection of the period subject to analysis
Thermal environment relaxation effect of Tokyo
Bay during period of calm conditions at night Fig.11 . shows the enlarged figure of Fig.10 ., describing the wind velocity of the upper-level wind at Site Q from around 00:50 to 01:40 on the 15th as calm conditions at night. Figs.12. and 14. show the changes in temperature and wind direction near the ground level from 18:00 on August 14 to 06:00 on August 15 at Sites A and B, respectively. The corresponding changes in temperature and wind velocity are shown in Figs.13. and 15. respectively. Fig.16 . shows that the wind rose when the conditions were calm (Sites A, B). Here, the authors focused on the period from around 00:50 to 01:40 on the 15th, when the upper-level wind (Site Q) was calm. The data in Figs.12. and 14. indicate a large trend common to Sites A and B; that is, as the strength of the upper-level wind (Site Q) decreased, the wind direction changed from land wind to sea breeze, and as the wind direction changed, the temperature decreased. This is thought to indicate the temperature reducing effect of light wind blowing from the sea. The end of the period of calm upper-level wind also tended to be associated with increases in temperature at these sites.
In Figs. 12. and 14. as well as Figs.13. and 15., the indicated range of temperature on the vertical axis is different according to the range of data, so the changes in the graph can be seen more easily. Next, each of Sites A and B were examined in detail.
As shown in Fig.12 ., the wind direction changed to sea breeze from around 01:00, and a temperature decrease of about 0.6-0.7 K was observed until about 02:30 at Site A. Fig.13 . shows that when the authors focused on the period during which conditions were calm, i.e., from 00:50 to 01:40, the wind velocity was about 0.2-0.7 m/s, and the temperature decreased as wind velocity increased. The relationship between decrease in wind velocity and increase in temperature can be clearly seen at around the time when the upperlevel wind(Site Q) began to blow again at about 1.0 m/s. From 01:00 to 01:30, when the upper-level wind was even weaker at about 0.0 m/s to 0.8 m/s (Fig.11.) , the wind velocity at Site A tended to be stabilized at about 0.6 m/s. As shown in Fig.16 ., when the condition of the upper-level wind (Site Q) is calm, the direction of the breeze is from the sea.
At Site B, the wind direction changed to sea breeze from about 01:00, as seen at Site A, and a temperature decrease of 0.4-0.5 K was observed until about 02:00 (Fig.14.) . Next, the authors confirmed the relationship between the wind velocity and temperature in more detail. As shown in Fig.15 ., when the authors focused on the period when conditions were calm, i.e., from 00:50 to 01:40, the wind velocity was about 0.0-0.1 m/s, and the temperature decreased with increasing wind velocity. Similar to Site A, the wind velocity increased around 00:50 when the upper-level wind (Site Q) became calm, and the temperature decreased.
From 01:00 to 01:30 when the upper-level wind was even weaker at about 0.0 m/s to 0.8 m/s (Fig.11.) , the wind velocity at Site B was somewhat stabilized at (Fig.10.) . Fig.12 . shows that after the period during which the condition of the upper-level wind (Site Q) is calm, the direction of the wind only at Site A remained the same, from the sea, but the temperature at Site A began to rise from about 02:30. It is interesting how the breeze from the sea persists, but the authors were unable to investigate this matter in more detail in this study. Site A is located at a deeper area of the Bay, and it was observed that the wind velocity at Site A was weak even when the upper-level wind was strong. The relationships between some observed results from Site A and the upper-level wind seemed characteristic of the site, probably because of geographic conditions, and further investigations taking these conditions into consideration are necessary.
Transition of temperature distribution
In the previous section, the authors focused on periods with calm upper-level wind (Site Q), and examined light wind from the sea near the ground level and its temperature reducing effect. This section discusses the changes in temperature over all observation areas during the period at which light wind from the sea was observed. The authors focused on the 
